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Abstract
This paper reviews the engineering design of an
electrochemical biosensor, particularly the main
concepts of electrodes and the type of material
selections, design, and fabrication method. Further-
more, the related theories and practical examples
from existing literature are reviewed. Research is
now directed toward the development of biosensors
as important bioanalytical tools in the pharma-
ceutical, biotechnology, food, and other consumer-
oriented industries. Currently, comprehensive
guidelines on the selection of electrodes for electro-
chemical biosensors are unavailable. Factual options
are important in determining the real-time response
of biosensors. Attempts to determine the best
material and design for electrodes have no results
because of the complexity of fabrication and the life-
span of the material chosen for the electrodes. This
paper summarizes the trends in numerous studies
on developing electrochemical biosensors. A better
understanding of biosensors will greatly assist in the
design of new and improved biosensors.
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1 Introduction
Ever since biosensors were introduced in 1962 by Leland
Clark [1], the development of electrochemical biosensors has
received much attention from researchers; hence, studies on
electrochemical biosensors have increased in the last two
decades. The ability of electrochemical biosensors to offer an
attractive replacement for bulky and expensive analytical
instruments inspired researchers to explore the field through
theoretical and experimental works, including other types of
biosensors, such as optical [2], thermometric [3], piezoelectric
[4], magnetic, and combinations of more than one type
[5–18]. Electrochemical biosensors possess other advantages
over other types of biosensors. One of the most important
ones is the ability to operate at ambient temperatures without
external heating, which requires very low to no power for
totally self-powered electrochemical biosensors [5].
Typically, electrochemical biosensors consist of an analyte,
receptors, signal, transducer, and data analysis system (Fig. 1).
Each of these features has a different responsibility within the
biosensor. The analyte can be described as any biological ele-
ment or chemical element, also known as the target, which
varies from viruses, bacteria, chemical components, and others.
Commonly, electrochemical sensors can be classified into two
categories, namely, potentiometric and amperometric. The
sensors can be distinguished based on the way the analyte
is measured: Whereas the response to the analyte for
potentiometric is measured by the differences produced in
voltage, the second type measures the differences in electrical
current.
Receptors are the second important part of biosensors. They
are represented by the biological elements that have identical
properties to the analyte or target, such as DNA and RNA [11,
19–22]. Analyte and receptors are compatible with each other;
hence, they bind and produce electrons known as signals. Con-
sequently, a transducer is used to transfer the signal into the
electronic measurement for data analysis usually one by a com-
puter. A transducer in a biosensor works as electrochemical
cells where the presence of electrode and electrolyte is required.
The basic electrochemical cell set up is illustrated in Fig. 2.
Electrodes are made from different kinds of elements. The vari-
eties of the elements used as electrodes have led to variations in
terms of sensitivity of the electrodes and the length of the
detection time of the sensor. In consideration of those factors,
the ideal electrodes are those with high sensitivity and fast
response time.
The electrode translates the chemical reaction that occurs in
the active or detection layer near the electrode surface into
an amperometric or a potentiometric signal. Concerning this
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